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ABSTRACT 
 
Indeed the Transmission Control Protocol (TCP) is the main transport layer protocol for 
the end-to-end control that helps the creation of information communication. Most of 
today`s Internet applications depend on the Performance TCP simply because the most 
frequently used networks by today are the TCP/IP networks. TCP was originally created 
to handle the problem of network congestion collapse. In this research project, we had 
investigated the performance of four TCP variants namely Reno, Vegas, NewReno and 
SACK based on two performance measures: The Bandwidth (effective throughput) and 
fairness. The network topology is simple wired network and it will be configured into 
different scenarios to maximize the chances of achieving the desired goal. Simulation 
methodology is used in this study. The simulation tool or software that was used as an 
investigation environment is the popular NS-2 simulator.  The objective was to 
investigate and find out the performance of TCP variants according to the bandwidth and 
fairness in a simple dumbbell wired network, in a hope to observe a better performance.  
However, the results are daunting, TCP Reno is the most aggressive (least fair one), and 
highest amount of throughput. In the case of TCP NewReno it follows Reno’s steps by 
becoming the second most aggressive (second least fair), and second highest throughput. 
SACK (Sack1) is fair to Reno and NewReno, but when it is competing with Vegas, it 
shows that it is very unfair. Finally Vegas shows the highest degree of fairness (least 
aggressive) and as well Vegas produces the lowest amount throughput. 
 
Keyword: TCP Reno, TCP Vegas, TCP Westwood, SACK, NS-2, Throughput, Fairness 
 
III 
 
 
ACKNOWLEDGEMENTS 
 
 
First and for most, my solemn gratitude and sincere appreciation goes to the Almighty 
Creator, the giver of life, health, wisdom and knowledge, for blessing me with the gift of 
life. Secondly, my profound gratitude goes to my supervisor Dr. Osman B Ghazali for his 
helpful guidance, brotherly encouragement and most importantly giving me the 
inspiration during the course of this study.  
 I am always grateful to all members of my family, first being my Mother. I am thanking 
her for every prayer and supplication she made for me and as well for her love and most 
importantly being my mother.  I , also would like to express my thanks to my brother 
Ahmed Jama Omar, for his financial support and as well taking care of me while I was 
student in overseas, both in Sudan and Malaysia. Let me say brother “what you have 
done for me, no one has done for me”. 
I would like to express here also my profound appreciation for all the staff and 
academicians in UUM for sharing their knowledge and experiences. Particular thanks to 
all the lecturers who taught while I was in UUM, first being   Assoc. Prof Fadzilah Siraj , 
Dr. Osman B Ghazali and Assoc. Professor Norshuhada Shiratuddin. 
As well, I am here by to express a big thank you to Mr. Khuzairi bin Mohd Zaini for 
being my evaluator and pinpointing the shortcomings of the report and then providing 
useful comments and suggestions.  
I would like to conclude my acknowledgment, by once again thanking the Almighty God. 
Abdulaziz Jama Omar,  
14th May, 2009. 
IV 
 
TABLE OF CONTENTS 
 
PERMISSION TO USE ...................................................................................................... I 
ABSTRACT ....................................................................................................................... II 
ACKNOWLEDGEMENT ............................................................................................... III 
TABLE OF CONTENT .................................................................................................... IV 
LIST OF TABLES .......................................................................................................... VII 
LIST OF FIGURES ....................................................................................................... VIII 
LIST OF ABBREVIATIONS ........................................................................................... IX 
LIST OF EQUATIONS .....................................................................................................X 
CHAPTER ONE.......................................................... ........................................................... 1 
1.0 INTRODUCTION .................................................................................................. 1 
1.1 INTRODUCTION……………………………………………….....…1 
1.2 STATEMENT OF THE PROBLEM........................................... ........ 4 
1.3 PURPOSE OF THE STUDY................................................................ 5 
1.4 OBJECTIVES.................................................... .................................. 6 
1.5 PROJECT SCOPE.............................................. ................................. 7 
1.6 SUMMARY.............................................................................................8 
CHAPTER TWO.......................................................... ........................................................... 8 
2.0 REVIEW OF THE LITERATURE.................................................... ...................... 9 
2.1 INTRODUCTION................................................ ................................ 9 
2.2 TRANSMISSION CONTROL PROTOCOL(TCP)..............................9 
2.2.1 PROTOCOL OPERATION..................................................10 
2.2.2 CONGESTION CONTROL................................................11 
2.2.3 QUALITY OF SERVICE IN THE INTERNET................13 
2.3 CURRENT STATUS OF TCP.............................................................14 
2.4 TCP VARIANTS:.................................................................................15 
2.4.1 TCP –RENO.................................................................................15 
2.4.2 TCP-NEWRENO..........................................................................16 
2.4.3 TCP-VEGAS..................................................................................17 
2.4.4 TCP WESTWOOD........................................................................18 
2.4.5 TCP-SACK.....................................................................................16 
2.5 FTP........................................................................................................20 
2.6 NETWORK SIMULATOR VERSION TWO (NS-2).........................20 
2.7 SUMMARY............................................................................................23 
V 
 
CHAPTER THREE. 
3.0 METHODOLOGY.................................................................................................24 
3.1 INTROUDCTION ...............................................................................24 
3.2 PERFORMANCE MODELLING OF COMPUTER 
NETWORKS........................................................................................24 
3.2.1 ANALYTICAL MODELING........................................................25 
3.2.2 MEASUREMENT MODELING..................................................26 
3.2.3 SIMULATION MODELLING.....................................................27 
3.3 SYSTEMATIC SIMULATION STEPS...................................................28 
3.4 SIMULATION TOPOLOGIES.................................................................29 
3.4.1  TOPOLOGY ONE: RENO VERSUS VEGAS............................29 
3.4.2 TOPOLOGY TWO: RENO VERSUS NEWRENO......................29 
3.4.3 TOPOLOGY THREE: RENO VERSUS SACK1..........................30 
3.4.4 TOPOLOGY FOUR: VEGAS VERSUS NEWRENO .................30 
3.4.5 TOPOLOGY FIVE: VEGAS VERSUS SACK1............................31 
3.4.6 TOPOLOGY SIX: NEWRENO VERSUS SACK1.........................31 
3.5 MODEL CONSTRUCTION AND PARAMETER SETTING.............32 
3.6 SUMMARY............................................................................................36 
 
CHAPTER FOUR.....................................................................................................................37 
4.0 SIMULATION RESULTS...................................................………………………....37 
4.1 INTRODUCTION.................................................…………………....37 
4.2 FIRST SCENARIO OF THE SIMULATED TOPOLOGY................37 
4.3 SECOND SCENARIO OF THE SIMULATED TOPOLOGY............43 
4.4 THIRD SCENARIO OF THE SIMULATED TOPOLOGY................45 
4.5 FOURTH SCENARIO OF THE SIMULATED TOPOLOGY............47 
4.6 FIFTH SCENARIO OF THE SIMULATED TOPOLOGY.................49 
4.7 SIXTH SCENARIO OF THE SIMULATED TOPOLOGY.................51 
4.8 SUMMARY ......................................................... ..............................53 
 
 
 
 
VI 
 
CHAPTER FIVE.....................................................................................................................54 
5.0 DISCUSSION AND CONCLUSION..........................................................................54 
5.1 CONCLUSION........................................................... ........................ 54 
5.2 FINDINGS...........................................................................................54 
5.3 RESEARCH CONTRIBUTION........................................ ................ 55 
5.4 RECOMMENDATION AND FUTURE WORKS.............................. 56 
REFERENCES........................................................................................................................58 
APPENDIX A:  NS-2 CODE...................... ......................................................................... 61 
1.0 TCL scripts..........................................................................................61 
2.0 Perl scripts............................................................................................64 
 
APPENDIX B:GNUPLOT ........................................................................................................66 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
VII 
 
LIST OF TABLES 
 
 
Table3.1: Fixed parameter setting…………………………………………………….31 
Table 4.1: TCP Fairness Characterization …………………………………………...36 
Table 4.2Throughput and Fairness in First Simulated Topology……………….......42 
 
Table 4.3Throughput and Fairness in Second Simulated Topology……………..…44 
 
Table 4.4Throughput and Fairness in Third Simulated Topology…………...…….46 
 
Table 4.5Throughput and Fairness in Fourth Simulated Topology………………..48 
 
Table 4.6Throughput and Fairness in Fifth Simulated Topology…………………..50 
 
Table 4.7Throughput and Fairness in Sixth Simulated Topology………………….60 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
VIII 
 
LIST OF FIGURES 
Title                                                                                                                   Pages 
 
Figure1.1: Comparison of the TCP/IP Model and OSI Model ………………..…...2 
Figure 2.2: TCP Segment format……………………………………………………..10 
Figure 2.3: The TCP Congestion Window……………………………………….…11 
Figure 2.4: Different TCP variant …………………………………………………16 
Figure 2.5: Tcl(OTcl) and C++ Coexistence………………………….……………19 
Figure 3.1: Steps of systematic simulation…………………………………………26 
Figure 3.2: Reno against Vegas……………………………………………………27 
Figure 3.3: Reno against NewReno………………………………………………..28 
Figure 3.4: Reno against SACK1………………………………………..………….28 
Figure 3.5: Vegas against NewReno…………………………………………….…29 
Figure 3.7: NewReno against SACK1……………………………………………..30 
Figure 3.8 General Topology of the Model…………………………………………31 
Figure 3.9: Nam in action…………………………………………………………….33 
Figure 4.1 Throughput Comparisons of TCP Reno and TCP Vegas………………… 38 
Figure 4.2 Throughput Comparisons of TCP Reno and TCP NewReno………….…..39 
Figure 4.3 Throughput Comparisons of TCP Reno and TCP Sack1………………….41 
Figure 4.4 Throughput Comparisons of TCP Vegas and TCP NewReno…………….42 
Figure 4.5 Throughput Comparisons of TCP Vegas and TCP Sack1………………....44 
Figure 4.6 Throughput Comparisons of TCP Newreno and TCP Sack1………………45 
Figure 5.1: Eight Scenario of the topology containing of all the four flavors………....49 
 
 
IX 
 
LIST OF ABBREVIATIONS  
 
TCP/IP          Transport Control Protocol/ Internet Protocol 
TCP                Transport Control Protocol 
MMS               Maximum Segment Size 
DUPACK       Duplicate Acknowledgment 
ACK               Acknowledgment 
RTT                Round Trip Time 
Cwdn              slow-start threshold 
OSI                 Open Systems Interconnection 
DoD               Department of Defense 
Rwnd             Receiver Advertised Window 
NS-2               Network Simulator 2 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
X 
 
LIST OF EQUATIONS 
 
           Equation                                                                                                       Page  
    cwnd = cwnd + SMSS * SMSS/cwnd………………………………………………...11 
Fb
Fav
=Fx  
……………….…………………………………..………36 
 
 
1 
 
 
CHAPTER 1 
INTRODUCTION 
1.1 Introduction  
 With out doubt the Transmission Control Protocol (TCP) is the most frequently used 
transport protocol on the Internet [1]. Therefore understanding the performance of this 
protocol is an important issue in the areas of computer networking and 
telecommunications. TCP is a part of the TCP/IP internet protocol suite with two other 
protocols, namely UDP and SCTP. The TCP/IP protocol suite was developed before 
the OSI model was even available. As a consequence, it does not make use of the OSI 
as a reference mode. TCP/IP was created by using the Department of Defense (DoD) 
model as a base reference. Understanding how OSI model works and getting familiar 
with it is an essential matter, despite the fact that, because OSI is used to compare the 
TCP/IP suite with other protocol suites. Unlike the OSI model, the DoD reference 
model or commonly known as TCP/IP has four layers. Figure 1.1 shows the 
comparison between the two models. The four layers of the DoD model are [4]:  
 
 
Figure 1.1: Comparison of the TCP/IP Model and OSI Model [4] 
The contents of 
the thesis is for 
internal user 
only 
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